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Introduction. The unsatisfactory technical condition of many buildings and structures is the result of their aging 
and requires a quick evaluation of the technical condition.

Problem Statement. It is necessary to conduct an experimental research, since it is analytically difficult to desc­
ribe the stress-strain state of structures. The most promising way for verifying these experimental research data is 
computer simulation of structures, including in the condition of a fire. It is advisable to use the ANSYS software. 

Purpose. To carry out experimental studies of the stress-strain state of a reinforced concrete column at a high 
temperature and to make a computer simulation of the process with subsequent comparison of the results. 

Materials and Methods. Experimental fire tests of reinforced concrete columns have been conducted in order 
to determine the time interval between the start of the test and the establishment of normalized limit of fire resis­
tance for the column based on the loss of supporting capability in the normal temperature conditions. In order to 
evaluate the quality of the experiment and the reliability of the obtained temperature distribution, a computer 
simulation of the two columns using the ANSYS R.17.1 software has been made. 

Results. A comparative analysis of the results of experimental studies and a numerical analysis have been done. 
The temperature field distribution in the column is ambiguous and depends on the location of control points. 

Conclusions. The obtained results have confirmed that the experimental research and computer simulation 
with further numerical analysis can be recommended for practical use. The mathematical model makes it possible 
to operatively predict the controlled parameters of building structures. Conclusions on the operability of building 
structures with the possible tendency to deterioration of their technical condition under force impact and high 
temperature effects taken into consideration are advisory rather than mandatory. 
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The poor technical condition of many buil­
dings and structures is a consequence of their 
aging and requires an urgent assessment of the 
technical condition to prevent emergencies [1—2]. 
The degree of fire-caused damage to reinforced 
concrete structures is very difficult to determine. 
The heterogeneity of the physical and mechani­
cal properties of reinforced concrete materials at 
a high temperature leads to their different tem­
perature deformations, with bonds between indi­
vidual components broken [3—4]. The multifac­
eted nature of the changes makes it virtually im­
possible to analytically describe the stress-strain 
state of structures [5], therefore it is necessary 
to fall back upon results of experimental stu­
dies. However, these results usually have a wide 
spread and depend on many factors. So, the ex­
periment data need to be verified. In our view, the 
most promising way for this is computer-aided 
fire design that can be implemented with many 
modern finite element programs, one of which is 
the ANSYS package [6, 7].

The purpose of this research is to experimen­
tally study the stress-strain state of a reinforced 
concrete column at a high temperature, to make a 
computer-aided simulation of the process, and 
then to compare the results at control points.

Columns, as vertically oriented bar-shaped 
supporting structures, are exposed to fire from 
four or three sides. The fire resistance tests of 
these structures are governed by the national 
standard DSTU B B.1.1-13: 2007 Fire Protec­
tion. Columns. Test Method for Fire Resistance 
(EN 1365-3: 1999, NEQ) [8]. The standard is in­
tended to determine the limit of fire resistance of 
columns made of reinforced concrete, timber, and 
the like, as well as steel columns with flame-retar­
dant coating or membrane fireproofing.

The essence of the test method is to determine 
the time interval from the start of exposure to the 
starting point of the limit fire resistance state for 
the column based on the loss of supporting capa­
bility (R) in normal temperature conditions ac­
cording to DSTU B В.1.1-4-98* [9].

The standard temperature conditions are char­
acterized by a standard curve of temperature 
change depending on duration of fire resistance 
test [10, 11]: 

t = 345lg (8t + 1) + te ,                 (1)

where t is environment temperature; t is time, 
min; te is initial temperature.

The limiting condition, in terms of the sup­
porting capability loss, for load-tested columns 
and for load-free tested reinforced concrete co­
lumns is the sample collapse or reach of the tem­
perature limits for steel columns coated with 
flame-retardant.

In the case of testing load-free reinforced con­
crete column samples, it is necessary to install, at 
least, 10 thermocouples at equal intervals over 
the thickness, in the center of the sample, to de­
termine the fire resistance limit.

For testing load-free reinforced concrete co­
lumn samples, the time of reach of the limit state 
in terms of the supporting capability loss is deter­
mined based on temperature measurements over 
the sample’s thickness, by the calculation method 
that should meet the requirements of the DBN 
B.1.1-7-2016 [12].

The limit fire resistance and the class of fire re­
sistance of the column are determined in accor­
dance with DSTU B V.1.1-4-98 * [8].

For the purpose of tests, two identical (sample 
No. 1 and sample No. 2) steel-cased reinforced 
concrete columns having a height of 2000 mm 
and a cross section of 600×600 mm were manu­
factured at the Brovary Plant of Reinforced Con­
crete Products. Each sample had a support frame 
that consisted of eight 20 mm diameter vertical 
reinforcement wires of A400C class according 
to DSTU 3760:2006 [13]. The horizontal rein­
forcement is made of 10 mm diameter wires of 
class A240C and is mounted along the outer con­
tour of the vertical reinforcement wires. In ad­
dition, 10 mm diameter wires of A240C class, 
which connected the central rods on each face 
were used (Fig. 1).



Experimental and Computer Research of Reinforced Concrete Columns Under High Temperature Effects

ISSN 2409-9066. Sci. innov. 2020. 16 (2) 53

In addition, additional samples (cubes, prisms, 
fragments of reinforcing wires) were made, and 
their tests enabled obtaining data on the physical 
and mechanical properties of the materials used.

All samples were made of concrete of the same 
composition. Consumption of materials per 1 m3 
of the mix was as follows: 440 kg cement, 660 kg 
sand, 1150 kg crushed stone, 153 l water, 17 kg 
chemical additives (Relaxol-Leader). The water-
cement ratio was 0.35, the cone slump was 14—
15 cm. The class of concrete was B25.

Having been eased, the columns and the addi­
tional samples were kept for 28 days.

In order to establish the uniformity and pro­
perties of the used concrete, having been manu­
factured the columns were instrumentally stu­
died by non-destructive methods. The strength 
of concrete cubes, prisms, and columns was mea­
sured by the ultrasonic method according to 
DSTU B V.2.7-226: 2009 [14].

The number and location of control points in 
the columns were determined in accordance with 
the requirements of DSTU B V.2.7-214: 2009 [15].

First, the column measurements were made 
prior to fire tests, using an ultrasonic device UK-
14PM with an absolute error of ultrasound pro­
pagation time ±0,01t + 0,1 ms. The measurements 
were made by the method of end-to-end exposure 
to sound using mechanically unbound piezoelect­
ric converters with a resonant frequency of 60 kHz. 

To determine the strength of concrete in the 
control points, we used the basic calibration de­
pendence "speed-strength" made for the used de­

vice based on long-term statistics of the results of 
comparative ultrasonic and mechanical tests of 
concrete (classes C12 / 15, ..., C28 / 35) and the 
data of cube and prism tests. According to the re­
sults of the studies, it was found that the concrete 
used for the manufacture of columns, in strength, 
corresponds to the class C20 / 25.

After the preliminary tests, the next step was 
testing the columns under fire. Since the columns 
were tested without load, the limit of fire resis­
tance in terms of the supporting capability loss 
(R) was determined based on the temperature 
distribution across the column section. Suppor­
ting capability was estimated based on excess of 
the average temperature of the support rods by 

Fig. 1. General view of reinforcement frame of column 
sample

Fig. 2. Layout of thermocouples in the column
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480 °C, as compared with the initial temperature. 
To measure the temperature of the support rods 
of the samples, during the tests, thermocouples 
THA (T1… T4) were installed on four rods of 
each sample. Five thermocouples THA (T5… T9) 
were installed to obtain the temperature distri­
bution across the sample section [16]. The layout 
of thermocouples is shown in Fig. 2.

As a result of the test, the limit of fire resistance 
was calculated by the formula

tfr = tmes — ∆t,                            (2)

where tfr is fire resistance limit, min; tmes tmes is 
the least time from the start of the test to the 
reach of fire resistance limit, min; ∆t is error, 
min.

Error ∆t is estimated using the formula:

∆t = (0,015tmes + 3)(As — Af)/(As — Amin),   (3)

where As, Af, Amin are integral values of standard 
temperature, average temperature in furnace and 
minimum permissible temperature in furnace, 
respectively.

Sample No. 1 lost its supporting capability in 
152 min, since the average temperature (Т1, average) 
of the vertical rods exceeded the initial one by 
480 °C. 

After the tests, the column was inspected. The­
re were detected numerous damages of the concre­
te surface in the form of cracks.

Sample No. 2 did not lose its supporting capa­
bility, as the average temperature of the support 
rods did not exceed the initial one by  480 °С.

Upon completion of the tests, the column was 
cut to determine the nature of damages and the 
concrete properties along the section. The cut­
ting was made in the plant conditions, using spe­
cialized equipment. It enabled establishing the 
fact that in the corner zones and around the pe­
rimeter there was a destruction of concrete with 
circle-wise formation of cracks. A core that was 
almost undamaged during the tests was formed in 
the central part of the cross section.

The measurement results were recorded eve­
ry minute. Table 1 shows the results for sample 
no. 1, for each 10 minutes.

In order to evaluate the quality of the experi­
ment and the reliability of the obtained tempera­
ture distribution, a computer simulation for both 
columns was made using the ANSYS R17.1 soft­
ware package [6] (Fig. 3a). The temperature 
distribution in the column at the 17th minute is 
given in Fig. 3b (given the symmetry, only a quar­
ter of the column is shown).

Fig. 3. Computer model of the column
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The analysis of Table 1 has shown that the re­
sults of experimental studies and numerical ana­
lysis with the use of ANSYS are quite different 
for the first 30 minutes, at all control points. 
However, later, this difference is stabilized and 
up to the end of the experiment does not exceed 
10.0%, which, in our opinion, can be to consider it 
perfectly acceptable.

It is important that the temperature distribu­
tion across the column is not uniform and depends 

on the location of the control points. In particu­
lar, the values obtained in ANSYS for the points 
corresponding to the location of thermocouples 
T1 — T4 (Fig. 2) are higher than the experiment 
results, while those corresponding to T5 — T9 are 
lower.

The results obtained confirm that the method 
of experimental research and computer simula­
tion followed by numerical analysis can be re­
commended for practical application.

Table. Comparison of Experiment and Computer Results 

Time, 
min

Т(1—4), av ANSYS
Error,

%
Т5 ANSYS

Error,
%

Т(6—9), av ANSYS
Error,

%

0 6     8 25.0 6 7 14.3 6 7 14.3
10 19   23 17.4 7 7 0 7 7 0
20 61   70 12.9 9 8 11.1 9 8 11.1
30 105 116 9.5 17 16 5.9 19 17 10.5
40 129 143 9.8 36 33 8.3 55 50 9.1
50 163 180 9.4 67 61 8.9 85 77 9.4
60 199 220 9.5 98 89 9.2 100 91 9.0
70 238 263 9.5 103 94 8.7 102 93 8.8
80 279 308 9.4 103 94 8.7 104 95 8.7
90 319 353 9.6 104 95 8.6 107 987 9.3

100 355 393 9.7 108 98 9.2 119 108 9.2
110 382 423 9.7 114 104 8.8 123 112 8.9
120 409 453 9.7 124 113 8.9 135 123 8.9
130 437 484 9.7 137 125 8.8 150 136 9.3
140 463 512 9.6 152 139 8.6 166 151 9.0
150 484 536 9.7 170 155 8.8 185 168 9.2
152 487 539 9.6 174 159 8.6 190 173 9.0
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ЕКСПЕРИМЕНТАЛЬНІ ТА КОМП’ЮТЕРНІ ДОСЛІДЖЕННЯ  
ЗАЛІЗОБЕТОННИХ КОЛОН ЗА ВИСОКИХ ТЕМПЕРАТУРНИХ ВПЛИВІВ

Вступ. Незадовільний технічний стан багатьох будівель та споруд є наслідком їх старіння та потребує невідклад­
ної оцінки технічного стану. 

Проблематика. Оскільки аналітично складно описати напружено-деформований стан конструкцій. необхідно про­
водити експериментальні дослідження. Найбільш перспективним шляхом верифікації таких експериментальних до­
сліджень є комп’ютерне моделювання конструкцій. зокрема й під час пожежі. 

Мета. Експериментальні дослідження напружено-деформованого стану залізобетонної колони за високих темпе­
ратур та комп’ютерне моделювання цього процесу з подальшим його аналізом. 

Матеріали й методи. Проведено експериментальні вогневі випробування залізобетонних колон з метою визначен­
ня проміжку часу від початку випробування до настання нормованого для колони граничного стану з вогнестійкості 
за ознакою втрати опорної здатності в умовах стандартного температурного режиму Характеристики бетону колон 
після виготовлення визначено неруйнівними методами. З метою оцінки якості експерименту та достовірності отри­
маного розподілу температур виконано комп’ютерне моделювання обох колон у програмному комплексі ANSYS R.17.1. 

Результати. Проведено порівняльний аналіз результатів експериментальних досліджень та даних комп’ютерного 
моделювання. Розподіл температурного поля по колоні є неоднозначним і залежить від розташування контрольних 
точок. 

Висновки. Підтверджено. що методику проведених експериментальних досліджень і комп’ютерного моделювання 
з подальшим чисельним аналізом може бути рекомендовано для практичного застосування. Математична модель дає 
можливість оперативного прогнозування значень контрольованих параметрів будівельних конструкцій. Висновок 
про експлуатаційну придатність будівельних конструкцій з врахуванням можливої тенденції до погіршення їхнього 
технічного стану при силових та високотемпературних впливах має рекомендаційний характер. 

Ключові  слова : ANSYS, пожежа. комп’ютерне моделювання. залізобетонні колони. будівельні конструкції.


